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The recently mandated Nutritional Labeling and Education Act tNLEA) in the 
Unlted States oflen several opportunities for using supercritical fluid-based methods 
as an alternative technology to conventional analytical procedures employing organic 
solveots. Assays for total fat, fatty acids, fat soluble vitamins, cholesterol and fat 
replacers are ideal candidates for the application of supercritical fluid extmction 
(SFE) l od supercriIical fluid chromatography (SFC). The research reported here 
is coocerned with the development of a SFE-based procedure for total, saturated and 
monounsaturated fat. In these studies, SFE, using carbon dioxide, has been shown 
to be equivalent to classical procedures for the quaotitation and speciatioo of the 
major compooeots of fat. Extractions of homogenized grouod beef samples with 
supercritical CO, have yielded equivalent results to those obtained with ethyl ether. 
The oecessity of petforming pre-extraction hydrolysis on the sample, foilowed by 
lipid speciation via gas chromatographic analysis of fatty acid methyl PsterS, wan 
confirmed, 

Receot environmental legislatioo io the United States [l] has required a reduction 
In the use ol number of commoo, yet carcinogenic or environmentally harmful 
solvents (21. Coincidence ol the above iegislatioo with the Nutritional Labeling and 
Eduuttioo Act [3) has created ao opportunity for employing supercritical fluid 
technlquu as rcpiacement extraction or chromatogmphic solvents. NLEA mys, 
which are excelieot caodidates for tbe integratioo of supercritical methodology, 
Include total fat (including its saturated and unsaturated constituents), cholesterol, 
fat soluble vitamins and synthetic Iat replacers (41. 

In this study, we have investigated the applicability ol SFR as a replacement for 
traditlonal solvent extraction in the suggested NLEA protocol for total, saturated, 
and unsaturated lat. The NLEA method consists of hydrolytic treatment ol the 
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sample prior to extraction to release “bound” lipids, followed by SFE or liquid 
extraction of the fat/oil. Alter isolation of the lipid extract, the fat sample is 
converted to the corresponding methyl esters ol the constituent fatty acids of the 
extracted triglycerides, etc., via transesterification. Subsequent gas 
chromatographic analysis ol these fatty acid methyl esters (FAhlES) allows the 
quantitation of saturated and unsaturated fat alter stoichiometric conversion of the 
fatty acids back to triglycerides [Sl. This complicated method has been advocated 
as a rcplacernent for traditional assays that are based on gravimelry. Results from 
gravirnctric-hased methods have been shown to be dependent on the choice of 
extraclion solvent, due lo the coex-traction or non-lipid moieties. 

To prove equivalence with the traditional method, we have underlaken a rigorous 
cxaminntion of the expcrimcnlal ractors which effect the accuracy and precision of 
Ihe NLEA method using SFE. This has included the role of extraction pressure and 
temperature, Ihe effect of cosolvent addition, quanlitatioo of the lipid extract, and 
pre-extraclion hydrolysis. The sample matrix of choice has been a highly 
homogenized ground beef which has also beeo analyzed wit,h respect to ils 
consli(uent fat content by the NLEA fat method. Sample uniformity was established 
by running extractions oo subsamples ol the homogenized meat &ple by both SFE 
and conventional solvent extraction. 

SFE was pel-rormed oo ao apparatus designed aod constructed at NCAUR for the 
extractloo of large samples with supercritical carboo dioxide (SC-CO,) [q. 
Extraction conditions were 70MPa and gO’C, unkss otherwise ooted. &solvents 
were added by placing either a known amouot of solvent directly into the exlractioo 
cell before SFE or dynamically adding the cosolvent with the aid oC a Beckman IOOA 
liquid pump (Beclunao Instruments, Inc., Fuller-too, CA). The meat samples were 
mixed with Hyromatrix [fl to aid in dispersing the sample prior to analysis. For 
cetlain extractions, the meat matrices were dehydrated to aid in the removal oC the 
lipids. 

Acid hydrolysis ol the meat sample prior to SFE was accomplished using the method 
of Lembke and Engelhardt [S]. This procedure con&ted of boiling a 2 gram meat 
sample in 80 mL of concentrated HCI and 100 mL of water. Arler boiling for 30 
minutes, the mixture was gently filtered through a fluted 32 cm Whatmao filter 
paper. Afler rinsing with 500 ml, of distilled water, the paper was placed in a 
forced air oven and dried at 80°C. The dried filter paper was then cut into smaller 
pieces and placed into a tubular extraction cell 16j before SFE. 

After extraction, the lipid extract is transferred to II 3 dram vial using 2 mL of 
chloroform and then 2 mL of dielhyl ether. At this point, 1 mL of a C,, triglyceride 
solution IS] was added to the sample and the excess solvent removed by N, spargiog 
at 40°C. The formation of methyl esters for CC analysis followed the procedure of 
IIouse [S], as did lhe CC analysis, except for subtle changes in the temperature 
programmed run. One microliter ir&!ctions of the n-hexane layer, resulting from 
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the methyl ester workup, were used for CC analysis on a HP 5890 Series I1 fliewlett 
Packard Co., Wilmington, DE). Individual fatty acid reference standards and/or 
mbttures (NuChek Prep, Elysian, MM were purchased for calibrating the flame 
ionization detector (FID) used for the above analyses. 

Previously, we have demonstrated the analytical SFE is very effective for removing 
fats from a variety of foodstuffs [91. For example, SFE has been performed on a 
variety of snack foods ranging in fat content from 1.5 - 50 weight %. Similarly, fat 
has been extracted quantitatively from meats ranging in fat content from 1.N - 88 
weight %; in some cases having a moisture content of over 75 weight %. In general, 
we have found very good agreement between label content and % fat as dctemlined 
by gravimetry on SC-CO, extracts. The addition of cosolvents to SC-CO, for the 
determination of fat in snack foods and products, using processed or refined oils/fats 
in cooking or compounding operations, produces a negligible increase in the total fat 
content. This ls probably due to reduction of polar and extraneous lipid moieties 
in the fatfoil during their production process. 

Farber SFE studies on ground turkey samples using tither neat SC-CO,, or SC-CO, 
with a cosolvent added lo the sample or SC-CO,, coupled with dehydration of the 
sample matrix, produced weight A fat results that varied from 10.7 - 19.6, These 
erratic results show the non-specificity of the extraction conditions for lipid matter 
when using gravlmetry lo measure total fat. For txample, performing SFEs with 
cosolvents usually results Lo a higher weight 9b of fat over that recorded witb pure 
SC-CO,. ‘Ibis trend is not due to the removal of more lipid matter from the meat 
sample but results from the small but flnltt solubilhy of wattr and other 
coextractlves that are soluble in the organic solvents, particularly Lo polar organic 
solvents. We have also noted that higher txtractlon pressures favor the 
solubllizatfon of oon-Upid coexttnctives l od, hence, may lead to additlonal error in 
dettrminlng tht true total fat cooteat of the food product. Independent studies 
using the NLEA total fat method with liquid extraction have consistently shown the 
lowest weight percent fat for the above meat sample, of PII the extraction methods. 
This Is due to the speclatloo provided by the FAME naalysls. 

To properly inttgrate WE Into the NLEA total fat protocol, wt have undettaktn 
very precise extraction experiments under controlled conditions nod performed 
CC/FAME analysis on the resultant extracts. NLEA total fat analysis was also 
performed oo the same samples by Medallioo Laboratories (hlinneapolis, hlM using 
convtotional liquid extraction. IO order to eliminate any ambiguity in the sample 
matrix, extremely homogtneous meat samples (ground beef) were prepared In 
collabotatioo with the Department of hieat Science at tht University of Illinois 
(Champaign, IL). The samples wtre prepared from beef trimmings by grinding 
them through a 13 mm platt, followtd by Axing in a ribbon mixer, *grinding 
through a 3 mm plate, with final homogenization In a bowl cutter. 

Separatt 125 gram packets of the above ground beef were taken for txtrnction and 
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analysis of fat content. One of the packets was aoalyzed individually while the other 
was divided into quarters for subsample analysis. Acid hydrolysis was performed 
on the beef samples, followed by SFE at NCAUR or ethyl ether extractloo at 
Mcdallioo Laborstories. Derivatizatioo of these extracts via tranresterilication to 
form the fatty acid methyl esters gave the following results, as shown in Table 1 
below. Column 2 lists the FAME results for the analysis of the single packet of 
meat. The individunl fatty acid analysis for subsamples #l-4 are lhtd in columns 
3-6. The excellent agreement in the fatty acid distribution of the single sample, ps 
well as the subsamples, indicates that the SFE Is reproducible, and that the ovtrall 
sample is very homogeneous. This can be verified by comparing the average of the 
subsample analysis (column 7) with the result in column 2. 

Table Normalized FAME Analysir of Supercritical Fluid-Extracted Ground Beef 
Samples. 

The fat results from our laboratory and hledalllon Laboratories art compared In 
Table 2. 
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Total 14.7 14.9 14.4 14.5 14.6 (1.4) 
naturatod 6.0 6.1 5.9 5.9 6.0 (1.6) 
nonoun8atur8tad 6.5 6.6 6.4 6.4 6.S (1.5) 

Total 
saturated 
UaIIOUDsAtUrated 

14.3 15.1 15.4 14.9 14.9 (3.3) 
6.2 6.4 6.6 6.3 6.4 (3.1) 
7.3 7.6 7.6 7.6 7.6 12.61 

Teble_Z: Amly~is of Subsamples of Ground Beef for Total, Saturated and 
MonounsaturWed Fat Content 

The agreement between the subsample analyses for those submitted to Medallion 
Labs and determined at NCAUR is excellent with l vtragt RSDs of 1.4 and 3.3%, 
respectively, for total fat. This precision, along with the precision associated with 
the saturated and unsaturated fat moietles, indicate a high degree of sample 
homopenfzatloa. A comparison of the data from the two laboratories for the same 
subsamples, as weU as their respective averages, indkate that WE can probably be 
substituted for tht cooventional Uqufd solvent extraction procedure in the NLEA 
method. ‘RX dkrepancy between the values for the monounsaturated fat is 
probably due to chromatographic resolution in the C,, region, and htnct 
quantitation problems in the GCIFAME analysts. It should be noted that an 
independent rnalysb of other beef packets gave 14.5 wt.96 (Mtdnllloo) and 14.9 
wt.% (NCAUR), in excellent agreement with the above subs-ample analyses. 

It is Interesting to compare tht fat results from the NLEA method with those 
determined by gtavimetric analysis of the collected fat. These results are shown in 
Table 3 below. 

Bamvle t 

m fi Lz tz fi 
Qravimetry 14.5. 15.6 15.9 15.5 

NLW Analvslm 14.3 15.1 lS.4 14.9 

*All results in might # 

Table Comparison of Cravlmetric hy with NLEA Total Fat Method on Four 
Ground Beef Subsamples. 

Here it can bt seen that the gravimetric results tend, on the average, to be 0,5-0.6 
wt.% blghtr than those computed from the NLEA analysis. Wt have consistently 
found this trend for most of the meat samples wt have extracted to date. 
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The above t~ults show that SFE using SC-CO, can be substituted for conventional 
liquid solvents in the new NLEA method for total, saturated and unsaturated fat. 
Recent experiments designed to transfer the above method onto commercial SFE 
instruments (the IIP 7680T extractor to date) appear to give equivalent results to 
those presented above. Additional research ls being conducted with a new lntemal 
standard to improve the GCIFAikfE analysis and an alternative hydrolysis procedure 
to that presented above. 
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